Good evaluation variables are needed to study postweaning lag in early weaned pigs. In this study, performance, digestibility, concentration of blood components and aerobic fecal microflora under different dietary regimens from weaning at 3 wk of age to 35 d of age are reported. Treatment 1 (T1) consisted of a corn-soybean meal starter diet. Pigs in treatment 2 (T2) received a steamed, rolled oat groats-casein starter diet. Pigs in treatment 1 and 2 were weaned at 3 wk of age while those in treatment 3 remained with the sow. Treatment 1 pigs had lower average daily gains for the 2-wk trial as compared with T2 pigs (P<.05). Three of the four animals consuming the corn-soybean meal diet were observed to have diarrhea during the experiment as compared with an occasional loose stool from the pigs fed oats-casein. There were no significant differences in digestibility of dry matter, crude protein or ether extract among pigs in T1 and T2. Digestibilities of ash and crude fiber were higher (P<.05) in T1 pigs, while there was an increase (P<.05) in digestibility of N-free extract by pigs in T2. Serum protein, Na, CO2 and blood hematocrit were not significantly different among treatments. Blood chloride was higher, whereas glucose was lower for pigs in T1 and T2 than T3 (P<.05). Blood urea N was higher for pigs in T1 as compared with pigs in T2 or T3. Potassium was higher (P<.05) for pigs in T1 as compared with those in T2 or T3. There were no treatment differences in total bacteria, coliform or yeast and molds before weaning at 21 d of age. Postweaning bacteria counts for T3 pigs were
lower (P<.05) than for T1 or T2 pigs. There was a significant treatment x time interaction due to the low bacterial counts (P<.05) in the fecal material from pigs that remained with the sow. Coliforms decreased in all treated pigs by 7 d postweaning and remained low throughout the remainder of the experiment. Total coliforms were lower (P<.05) in pigs remaining with the sow as compared with T1 or T2 pigs. There was a 100-fold increase in total yeast and molds approximately 10 d after weaning of pigs in all treatments. Dietary differences were reflected in performance, digestibility studies, blood evaluation and intestinal microflora. This experiment illus
Introduction
Weaning at 3 to 4 wk of age is a stress on baby pigs. Pigs are removed from their source of immunity (milk) before producing sufficient antibodies for protection from enteric diseases (Miller et al., 1962) and insufficient enzymes are produced for the digestion of some of the nutrients in cereal-based diets (Hartman et al., 1961; Bayley, 1970; Campbell et al., 1971) . The environment is usually less than optimal and the diet is changed from easily digested milk to a dry feed of different nutrient content. Fisher (1965) reported that in young calves with diarrhea, a progressive dehydration takes place with evidence of hyponatraemia, hypochloraemia, loss of body water and hyperkalaemia. It has been suggested that hyperkalaemia may depress cardiac function and cause death (Roy et al., 1959) .
Although a close association between certain gastroenteric syndromes in pigs and hemolytic strains of Escherichia coli has fre-
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JOURNAL OF ANIMAL SCIENCE, Vol. 58, No. 6, 1984 quently been made (Kenworthy and Crabb, 1963) , controversy still exists. McAllister et al. (1979) reported that pigs in a herd affected with postweaning diarrhea had increases in the intestinal populations of E. coli while research by Fuller (1978) indicated that E. coli in the gut increased markedly but did so in both healthy and scouring pigs. Preliminary experiments in our laboratory (R. D. Etheridge and R. W. Seerley, unpublished data) showed that a weaning diet of steamed, rolled oat groats and casein was superior to a corn-soybean meal diet for daily gains, feed conversion and reduction in severity of diarrhea. The addition of high dietary protein and kaolin to the 0ats-casein diet did not have an effect on diarrhea, while alfalfa meal and Bermuda grass appeared to increase diarrhea. Experiments were designed to study the relationship of diet to diarrhea in pigs weaned at 3 wk of age. Objectives were to measure some physiological changes occurring in pigs at weaning and to establish variables for evaluating diets.
Experimental Procedure
Six litters of pigs were selected at birth and assigned at random to one of three dietary treatments. Treatment 1 (T1) consisted of a corn-soybean meal starter diet (table 1) . Pigs in treatment 2 (T2) received a steamed, rolled oat groats-casein diet and pigs in treatment 3 (T3) remained with the sow with no starter diet. Pigs in T1 and T2 were fed their respective diet from d 7 throughout the experiment and water was available ad libitum. Pigs in T1 and T2 were weaned and removed from the farrowing unit and transported to a constant temperature metabolism laboratory at 21 d of age. The pigs were placed in individual stainless steel metabolism cages fitted with collection trays designed to separate urine from fecal material in an area that had never housed pigs. Pigs in T3 remained with the sow, but no effort was made to prevent the pigs access to the sow diet. Pigs in T1 and T2 were exercised daily for 30 min beginning at 28 d of age. (AOAC, 1965) were made on composite aliquot samples of feed and feces for the calculation of digestibility coefficients (Schneider and Flatt, 1975) .
Blood samples were obtained from the anterior vena cava at 7, 21, 25, 30 and 35 d of age. Samples were allowed to clot and then centrifuged at 1,732 x g for 20 min. Standard procedures were used to analyze serum Na and K, protein, glucose, urea N, CO2 and C1 (Technicon Corporation, 1966a , b, 1967 , 1970 . Blood hematocrit was determined by the method of Wintrobe (1956) .
Total bacteria, coliforms, yeast and molds were determined on fresh morning fecal samples at 7, 21, 23, 25, 27, 29, 31 and 33d of age. One gram of fecal material was weighed into a 50-ml Omni mixer barrel to which 9 ml of sterile .85% NaC1 solution was added. Samples were homogenized for 1 min, after which the solution was transferred to a sterile test tube for analysis. The blades of the homogenizer were washed with hot tap water and rinsed with 95% ethanol between each sample. Serial dilutions were made from these samples using sterile phosphate buffered saline plus .005% Triton X-100 as the diluent, after which they were vortexed for 1 min.
Total viable aerobic microbial counts were obtained as described in the manual published by Difco Laboratories, Inc. (1972) using the following media: (1) bactoviolet red bile agar for the direct plate count of coliform bacteria; (2) Sabouraud dextrose agar plus 40 /~g/ml chloramphenicol for combined total yeast and molds and (3) tryptic soy agar for total bacteria.
One milliter from the serial dilutions was added to 20 ml of each of the above media. The contents of the petri dish were swirled and allowed to solidify. Plates from media (1) and (3) were incubated for 24 h at 37 C. Appropriate dilutions were made and 30 to 300 colonies were counted. Plates with medium (2) were incubated at 30C for 72 h. Plates exhibiting from 10 to 50 colonies were counted for total numbers of yeasts and molds. All microbial counts were expressed as the logarithm of viable counts to the base 10.
Least-squares analysis of variance was used to analyze the data. If the F-test was significant for main effects then differences among means were evaluated by Duncan's (1955) multiple range test.
Results and Discussion
Average daily gains of pigs in all three treatment groups were normal and consistent to 21 d of age and pigs remaining with their dams in T3 continued the normal herd pattern of gains to the end of the test at 35 d of age (table 2) . However, pigs in T1 and T2 experienced a typical postweaning growth lag after weaning at 21 d. Pigs fed the corn-soybean meal diet (T1) began having health problems and had slower (P<.05) gains than pigs in T2 and T3 from d 30 to 35, whereas pigs fed the oats-casein diet (T2) returned to normal gains by d 25 and gained at a rate equal to the pigs in T3 to the end of the test. Three of the four T1 pigs had diarrhea by d 28, but diarrhea was not observed in T2 or T3 pigs. Feed intake decreased in T1 pigs, but intake was not significantly less for pigs fed T2 until d 30 to 35 (table 2) . Pigs in T1 ate 40% less feed than those fed the oatscasein diet and had a 46% higher feed conversion rate during the 14-d experimental period. These differences were not significantly different, which was likely due to the small sample number.
These data do not support the hypothesis that overconsumption alone is one of the primary causes of postweaning diarrhea, but suggest the overconsumption of a less digestible diet, because the pigs consuming the oatscasein diet ate more diet than those fed the corn-soybean.
There were no significant differences in the digestibilities of dry matter or ether extract for T1 and T2 diets (table 3). Protein digestibility approached significance and Nfree extract was higher (P<.05) in T2 than T1, whereas ash and fiber digestibilities were higher (P<.05) in pigs in T1 than T2. The digestibility data indicated that the proteins and the carbohydrates as N-free extract of the corn-soybean meal diet are not as digestible as those found in the oats-casein diet. Furthermore, the digestibility values are probably too high in T1, because there was the possibility that these pigs were suffering from a fermentative type of diarrhea resulting in the breakdown of undigested bstandard error.
C'dMeans with different superscripts differ (P<.05).
carbohydrates and proteins by microorganisms in the lower digestive tract. If the trial period had been for a longer period of time, the digestibilities would probably have steadily decreased as reported in calves with scours by Blaxter and Wood (1953) . The lower digestive tract was the likely site of fiber digestion as a result of fermentation by gastrointestinal microflora, because crude fiber is that fraction of the food resistant to attack by mammalian digestive enzymes (Ehle et al., 1982) . In preliminary experiments, an effort to improve the oats-casein diet included the use of alfalfa meal and Bermuda grass as sources of crude fiber. Instead of decreasing the incidence and severity of diarrhea by the addition of fiber, there was an increase (R. D. Etheridge and R.W. Seerley, unpublished data). Partridge (1978) , while studying digestion of purified diets vs cereal-based diets noted that a small increase in dietary fiber in the diet doubled the amount of water flowing through the terminal ileum. The proximate analysis of the corn-soybean meal diet and the oats-casein diet is shown in table 1. Although pigs ate less of the corn-soybean diet, they consumed approximately the same amount of crude fiber, but they digested more because of a higher digestibility coefficient. The quantity and source of crude fiber could be a possible factor in postweaning diarrhea. Serum Na, C1, CO2, protein and blood hematocrit were not significantly different between treatments (table 4). Mean serum glucose concentrations differed (P<.05) in the order of TI< T2< T3, Pigs in T3 were consuming the easily digested milk lactose, whereas pigs in T1 were consuming less feed and the digestibility of N-free extract (NFE) was lower than those fed the oats-casein CStandard error.
d'e'fMeans with different superscripts differ (P<.05).
diet. Blood urea N (BUN) concentrations were higher (P<.05) in the order of T1 > T2 > T3, with T1 and T3 being different (P<.05).
The treatment x period interaction approached significance (P<.10) due to a greater increase in BUN as time progressed in pigs fed T1. Serum potassium was higher (P<.05) in T1 pigs as compared with T2 or T3 pigs. There was an interaction (P<.05) due to a steady increase in K after weaning in T1 pigs. Fisher (1965) found a decrease in plasma Na and C1 and an increase in K and BUN concentrations in calves suffering from prolonged severe diarrhea. A severe metabolic acidosis may have stimulated an increased reabsorption of K by the kidney in exchange for H ions. When the H + concentration of extracellular fluid is higher than normal, K + may move from cells to maintain electrical neutrality. Because of the short duration of this experiment, pigs fed T1 probably did not suffer diarrhea severely enough or long enough to cause electrolytes to change dramatically. The .BUN was the most responsive blood variable to dietary treatments. High BUN levels have been associated with the breakdown of body protein during starvation, with dehydration and bacterial fermentation of undigested protein in the digestive tract. The increased BUN observed in this experiment was probably the result of breakdown of body protein, because the pigs consuming the corn soybean diet had reduced intake and small weight gains.
The counts obtained for three groups of microorganisms from the fecal material of piglets on T1, T2 and T3 are shown in table 5. There were no treatment differences in total bacteria, coliforms or yeast and molds before weaning at 21 d of age.
Total aerobic bacteria counts for T1 and T2 pigs at 23, 25, and 27 d of age tended to be higher than those for T3 pigs. At 29 d of age there was a difference (P<.05) in fecal bacteria of pigs on T1 as compared with all other days except d 31. This difference corresponded with the onset of diarrhea in T1 pigs.
Mean bacterial counts for T3 pigs were significantly lower than those for T1 or T2 pigs, indicating that pigs on the sow may have lower total bacterial populations than animals consuming a starter diet.
In the treatment • day interaction, a pattern for pigs consuming a solid diet with and without diarrhea can be seen. There were no statistical differences between T1 and T2 pigs until diarrhea developed in T1 pigs. Treatment 2 remained within the range of previous daily averages, while T1 decreased more than 10-fold. It appeared that the pattern for bacterial growth in pigs with diarrhea begins with a gradual daily increase until diarrhea develops, resulting in a dilution and thus a decrease in bacteria/gram of wet fecal material followed by a steady build up of bacteria again. Because total fecal volume was not determined, one cannot ascertain whether the bacterial number declined in this period, or actually increased but was diluted in a much larger fecal volume.
Significant treatment differences in total yeast and molds did occur after weaning but appeared to be random. There were significant effects by day, the most prominent being a 100-fold increase in yeast and molds approximately 10 d after weaning. Kenworthy and Crabb (1963) found that the presence of yeast was sporadic until weaning, after which an increase occurred. McAllister et al. (1979) reported that all groups of bacteria declined after weaning. A similar trend was observed in this experiment in total coliform counts, although total bacteria seemed to remain more constant in healthy pigs. Pigs on the sow seemed to follow the same general patterns as pigs on the starter diets. Age was a possible factor for this observation, but more likely the pigs managed to consume a small quantity of the sow's diet.
An association between profuse growth of hemolytic E. coli and gastroenteric disease in pigs has often been made (Kenworthy and Crabb, 1963; Michell, 1974; McAllister et al., 1979) . Coliforms (mainly E. coli) were lower in T1 and T3 than in T2 pigs on a per gram of fecal material basis. In this experiment it appeared that bacteria could only grow to a certain maximum concentration of approximately 9 to 10 x l0 s counts/g, at which time they either died or were expelled. Bacterial counts are seldom reported above 8 to 10 x 108 counts/g in any portion of the digestive tract or feces in animals ,with or without diarrhea. They die because of a decreased pH, which was due to the accumulation of their acid waste products in the growth medium. These acids exert an irritant effect on the intestinal mucosa causing hyperperistatsis and accelerated passage of bowel contents (Fordtran, 1967) . There is an increase of gases in the intestinal tract along with increased amounts of fluid due to the osmotic effects of particles from fermentation and undigested food residues. In cereal-based diets, as compared with milk diets, more undigested food particles reach the large intestine with the effect of furnishing more substrate for bacterial growth (Bayley, 1970 
